Our increased interest in translational research has created a large demand for blood, tissue and other clinical samples, which find use in a broad variety of research including genomics, proteomics, and metabolomics. Hundreds of millions of dollars have been invested internationally on the collection, storage and distribution of samples. Nevertheless, many researchers complain in frustration about their inability to obtain relevant and/or useful samples for their research. Lack of access to samples, poor condition of samples, and unavailability of appropriate control samples have slowed our progress in the study of diseases and biomarkers. In this editorial, I focus on five major challenges that thwart clinical sample use for translational research and propose near term objectives to address them. They include: (1) defining our biobanking needs; (2) increasing the use of and access to standard operating procedures; (3) mapping inter-observer differences for use in normalizing diagnoses; (4) identifying natural internal protein controls; and (5) redefining the clinical sample paradigm by building partnerships with the public. In each case, I believe that we have the tools at hand required to achieve the objective within 5 years. Potential paths to achieve these objectives are explored. However we solve these problems, the future of proteomics depends on access to high quality clinical samples, collected under standardized conditions, accurately annotated and shared under conditions that promote the research we need to do.
Biomedical research is shifting its focus from the study of artificial cultured cell lines towards the direct study of clinical specimens. A host of artifacts in established cell lines including severe aneuploidy, genetic and phenotypic drift and misidentified tissue sources limit the conclusions that can be drawn about the natural behaviors of cells and have motivated scientists to focus more on clinically derived specimens 1 . The demand for blood, tissue and other clinical samples is larger than ever. These samples are used in genomics, proteomics, metabolomics, diagnostics, basic science and countless other forms of research. Investigation into the importance of specimen collection and improving quality control has been ongoing for more than 30 years. 2, 3 In recent years, huge advances in the technologies that enable the collection, storage and distribution of the samples have engendered the new science of biobanking (Marko-Varga et al; ASAP JPR reference: DOI: 10.1021/pr300185k).
Concomitant with this, funding organizations have spent hundreds of millions of dollars on the collection and storage of samples. Nevertheless, many researchers complain in frustration about their inability to obtain relevant and/or useful samples for their research 4 . Often, they must search to find collaborators with samples that can be used for their experiments only to be disheartened that the appropriate controls are not available or the condition of the samples is not satisfactory for their studies. During the early stages of The Cancer Genome Atlas (TCGA), an enthusiastic community response offering thousands of clinical samples for genomic sequencing of tumor samples reneged on a staggering dropout rate of 99% for a broad variety of reasons 5 . In many cases, the lack of access to appropriate samples limits our progress in the study of diseases and biomarkers.
We continue to face challenges that span a wide range of aspects of clinical translational research from the need to better standardize how we collect, process and store clinical samples to social considerations regarding how biobanks are governed and how we involve the public, the source of these samples 6 . There is an increased focus on ethical issues recently as the demands for the use of existing samples, collected for a different purpose, in new studies theoretically challenge the notion of anonymity 7, 8, 9 .
The challenges that surround the use of clinical samples affect the proteomics community more than others. Nearly everything we do requires testing clinical samples. Proteins are notoriously labile, creating the highest demand for sample quality. It follows then that we, as a community, should take a central role in addressing these challenges in order to advance this field and to ensure that the data and materials we collect will be both accurate and relevant.
In this editorial, I focus on five major challenges that thwart clinical sample use for translational research and propose near term objectives to address them. In each case, I believe that we have the tools at hand required to achieve the objective. What we now need most are organized efforts to tackle them. Many might characterize these objectives as unexciting, yet they address critical bottlenecks to the advancement of our field.
Challenge #1: Assessing our biobanking needs
There is no doubt that we spend considerable resources on creating and maintaining biobanks. Not long ago, the UK committed $105 M for the creation of a biobank at the University of Manchester 5 while Japan invested $218 M at the University of Tokyo 10 . Other countries, including Iceland, Canada, Estonia, Spain and Finland have also made significant investments 10 , 11 . In the USA, funding for biobanking spreads across many programs and projects, often funded by individual institutes of the National Institutes of Health (NIH), which support a wide variety of sample collection activities. As just one example, the National Cancer Institute (NCI) provides nearly $9 M per year to biobanks supporting its clinical trials network alone and additional funds for sample collection in other programs such as the Sponsored Programs of Research Excellence (SPORE), the Early Detection Research Network (EDRN), and the Cancer Centers, in addition to all of their specific research projects. Other institutes at NIH, funding agencies, industry, and institutions such as universities, hospitals and state governments have all invested in this important activity. In spite of these large international investments, many researchers feel challenged finding the samples they need for their projects. This begs the question, are we spending our biobank investments in the right places?
Objective #1: Assess the current availability of clinical sample resources and outline the clinical specimen needs for the proteomics community for the next 5 -10 years
The most ambitious of the objectives listed here, I place this first because of its logical position and its exigency to overall success. By its nature it is a broad reaching objective that must cover varied topics including the types of biobanks, the types of specimens, the technical requirements for the specimens, and the annotation attached to the specimens. Table 1 provides a starting point for some of the topics that should be addressed. Each of these topics is complex and will require specialized input from experts.
As indicated in Table 1 , we should proceed in two stages. The first will be to assess the resources that already exist and determine what has worked well and what has not. The second will focus on forecasting the needs for clinical specimens and making recommendations for the future. Although Eiseman and Haga prepared a comprehensive evaluation of existing tissue-based resources in 1999 12 , it is clearly time to re-address this question. As we consider existing biobanks, we must consider who does the sample collecting. Typically, these include: individual researchers, specific research projects, major grant programs and organized public repositories. As indicated in Table 2 , these collection types reflect a spectrum of sample quality and general usefulness that correlate with cost. Typically, the best quality samples are collected by the formal public repositories, which often include years of detailed planning in designing their standard operating procedures (SOPs) for sample collection and processing, as well as statistical considerations. Not surprisingly, these formal repositories are more likely to employ recommended standards from organizations devoted to advancing biobanking science, like the International Society for Biological and Environmental Repositories (ISBER; and others noted below). Yet even these repositories, often particularly expensive to create, cannot do everything for everyone. For example, they may have a specific focus, such as blood samples, which would not help the proteomicist interested in studying tissue.
Perhaps the most telling indicator of a successful repository is whether researchers use it. A common perception is that countless samples exist and are building accretions of ice while researchers cannot gain access to them. We need to understand if this is true. If so, where are the roadblocks? Is it that researchers simply do not know where to look for samples? Are there problems with procedures to obtain the samples? Is the annotation of existing samples insufficient? Or are there other problems? Particularly helpful here will be to examine the characteristics that make useful repositories successful.
As we look forward to outlining future needs, we will need to predict the likely direction of proteomics. Increased interests in multiple reaction monitoring, targeting specific proteins, quantifying protein levels and examining a broad variety of post translational modifications are all likely to impact the kinds of specimens we need and how they should be processed.
We must also consider our future biological and biomedical interests. Early disease detection, patient stratification, companion diagnostics and mapping protein pathways based on genomic data will all influence when and how we collect samples and from whom. A critical question here is the balance needed between cohort studies and case/control studies. In cohort studies, samples and clinical data are collected from a defined population, e.g., registered nurses, residents of Framingham, MA, etc. Information and samples are collected prospectively and often longitudinally over many years from numerous individuals who are apparently healthy when they enroll in the study. As a key advantage, this type of study offers the ability to observe the change in candidate biomarkers during the transition from health to disease. Moreover, prospective sample collection significantly reduces risks of bias and potentially allows detection of altered biomarkers prior to the onset of illness. However, cohort studies are costly to set up and to maintain, in large part because so many individuals must be followed. In its first 10 years, the Nurses' Health Study collected 1799 cases of breast cancer, the most common women's malignancy; however, to accomplish this, they enrolled more than 120,000 women 13 . Cohort studies also carry the risk of certain biases, such as lead time bias, in which increased vigilance detects disease earlier than usual giving the false appearance of both higher risk and better outcomes, and selection bias, in which individuals who "self-select" to participate in the study may have a different risk aggregate than the general population.
By contrast, case/control studies are much less expensive and more likely to collect adequate numbers of specimens for rare diseases. Here, investigators collect samples and data from individuals known to have the disease of interest. These patients identify themselves when they appear at the relevant clinic, reducing constraints on the investigators due to low disease incidence. However, in order to make appropriate comparisons, investigators must also examine specimens from control individuals. A particular challenge for case/control studies is determining which controls are appropriate and how many to collect (e.g., Healthy individuals? Individuals with related diseases? Individuals with similar demographics?). Moreover, the physical collection of control samples must often occur under different circumstances than those from the cases, e.g., the cases may be collected at a specialty clinic where healthy patients are rarely seen, introducing a potential source of sample bias 14 . Some of the advantages and disadvantages of these collection methods are highlighted in Table 3 . Clearly, both types of collections will be needed and the key will be to strike the best balance.
There is no doubt that developing a sufficient plan will be a major undertaking. Yet, the current ad hoc approach to building biobanks is cumbersome and problematic. It can take a year or more to obtain the preliminary approvals and funding for even a modest study and then much longer to recruit volunteers and collect specimens. An innovative approach under consideration is rapid, on-demand assembly of biobanks. By this approach, an infrastructure is put in place that can be rapidly deployed when a need arises. Sample collection only begins when there is a defined need to avoid wasted resources. Whatever approaches we use, planning now for the future will ensure that samples will be there when we need them.
Challenge #2: Standardize sample processing
The opportunity for biomolecules, especially proteins, to undergo aberrant changes in a clinical sample begins even before the sample is physically removed from the donor and continues through all subsequent handling and processing steps, including storage. Proteins are notoriously labile, presenting a particular challenge in developing methods to provide proteomics-appropriate samples. This is especially true for post-translational modifications of proteins, which can change dramatically simply by clamping the blood supply to the tissue. 15 , 16 To reduce the biases caused by these potential artifacts, carefully developed sample processing protocols have been developed. The best of these are formalized into well-documented and clearly-written SOPs. A number of programs and consortia have begun to collect and distribute information about best practices for sample processing. These include: the Office of Biorepositories and Biospecimen Research (OBBR) from the NCI 17 , the Organization for Economic Cooperation and Development (OECD) 18 Clearly, there is no shortage of guidelines to follow. In addition to these major biobanking consortia, countless individual programs, centers and labs have developed protocols and SOPs for their sample collection. It should be noted, however, that many of the currently available SOPs are based on "best practices." An important evolution of the field will see more SOPs developed based on comparative tests that measure actual molecular outcomes for specific assays. Yet, despite this wealth of experience many samples are routinely collected and stored using outdated methods, which are known to be prone to artifact 5 . Moreover, too many groups fail to use formal SOPs and it is often difficult to track down which specific processing methods were used.
Objective #2: Create a centralized and shared database of SOPs used for all sample isolation, collection, processing and storage
With so many available methods, achieving universal agreement on standards for sample collection and processing seems beyond our reach. However, the current jumble is not sustainable. As a first step towards standardizing sample handling, we should create a common and shared database that stores and registers all SOPs used in sample collections. I recommend that we avoid the temptation to review the SOPs as a requisite to inclusion. Instead, all submitted SOPs that include the minimum required information and meet the needed formatting standards should be accepted and registered. While there will be value in reviewing the content of the SOPs in the database, our first priority should be to get everything in one place. Setting up a review process initially will take too long, involve too much controversy and will reduce participation.
Once registered, an SOP would be assigned an ID number that could be used in clinical protocol development, internal review board (IRB) submissions, and manuscripts. The SOP ID numbers would also attach to relevant samples in a biobank. Each sample would have several such ID numbers corresponding to the various SOPs used during its life cycle (e.g., tissue collection, tissue storage, protein extraction, etc.) These SOPs need not be restricted to descriptions for how to physically manage the samples. They can also relate to experimental design and analysis. Proper experimental design, appropriate epidemiological considerations, careful power analyses, and well considered data analysis contribute to ensuring the success of studies with clinical samples. All of these represent areas where publicly available SOPs would improve clinical and translational research. 24 It would be neither practical nor desirable to insist that everyone use particular SOPs. What works for one type of experiment may not for another. But, it is entirely reasonable to expect that all sample collection and storage should be done under a defined SOP, and that sample collectors should be required to submit and register their SOPs at a common database. In fact, the College of American Pathologists has already taken a step in this direction. The first item on the Biorepository Checklist for their Accreditation Program is to have a procedure manual with up to date SOPs 25 . There are a number of benefits that would accrue from this approach:
1. There would be a common location to find all biobank and clinical sample-related SOPs.
2.
Reviewers and auditors of biobanks will have a clear resource to confirm that SOPs were developed.
3. Publication and document preparation will be simplified because authors could simply point to a specific SOP ID number in lieu of having to write out the SOP in detail.
4.
Forcing sample collectors to provide a registered SOP ID number will help ensure that they use SOPs.
5. This will provide a resource for researchers planning to collect samples to find the best SOPs.
6.
As multiple SOPs for the same tasks accumulate, we can examine the commonalities and differences shedding light on those steps likely to be most critical.
7. This can be regarded as a first step towards comparative studies that develop SOPs based on molecular-based data.
Of course, there are many details to resolve in trying to implement such a database; there will be both development and maintenance costs. We will need to decide on the minimum information required and the appropriate format for submitted SOPs. However, there is already a wealth of material on this subject and perhaps one of the biobanking organizations above could be persuaded to sponsor and host such a database. Finally, discussions should be held with granting agencies, accreditation agencies, IRBs and journal editors to gain their support and willingness to apply pressure on sample collectors to include SOP IDs with their submissions.
Challenge #3: Disambiguating sample annotation
Studies with clinical samples rely on aligning experimental results with clinical diagnoses. Typically, the diagnosis is based on the official tissue sample examination by one or more pathologists. If all the samples in a study are reviewed by the same pathologist(s), it is straightforward to compare samples to other samples. But for many large studies where there are numerous pathologists, inter-observer variability introduces biases regarding the diagnoses attached to the samples. This is a particularly formidable problem for biobanks, where samples often come from multiple sources and are likely to be read by pathologists at different institutions.
Pathologists frequently use different terminology to describe the same clinical phenotype, often based on their local institutional conventions. In principle, this could be improved by obtaining broad agreement on a fixed terminology, often referred to as a controlled vocabulary by database developers. However, enforcing controlled vocabularies in the context of clinical medicine rarely succeeds in practice. Moreover, even in circumstances where there are well-defined and agreed upon criteria and terminology, there may be disagreements about the actual diagnosis. In just one recent example, 13 pathologists, from a mixture of population-based sites and clinical-based sites, reviewed the same 35 breast cancer cases using a common detailed data form to aid in making each diagnosis. The agreement among the pathologists on the histological type of invasive breast cancer ranged from 35 -99% for different types, with a wide category specific κ range of 0.3 -1.0 26 . There are many contributors to these differences including training location, historical experience, disease expertise, and pre-existing expectations. Achieving consensus for certain histological types was clearly more difficult than others. Variability in sample labels will significantly limit the performance of biomarkers and our ability to execute metainformatics analyses. The challenge we face in this imperfect world is: how do we manage these differences?
Objective #3: Develop software tools to calibrate pathological analysis
Efforts will continue to drive towards the use of controlled vocabularies and detailed systematic approaches to making diagnoses. These will help, but adoption will be slow and sporadic. Additional solutions may come from technology. Advancements in pattern recognition and automated imaging are showing impressive progress. Computers will eventually assist pathologists in making diagnoses and can be programmed to substitute controlled vocabularies. Their abilities to incorporate many forms of data align well with the current drive towards precision medicine 23 . However, these tools are still in their early phases, and clinical trials will be needed to demonstrate their applicability and accuracy before they can be deployed.
The discipline of color management for offset printing inspires another solution. That profession faces a similar problem because devices which display color information from image files (e.g., monitors and printers) often interpret the same digital color information differently, which can lead to differences between the printed image and the image on the monitor. To solve this problem, color managers use calibration devices. A calibrator sends a series of specific digital colors to an output device, e.g., a monitor, and then an optical camera placed on the monitor measures how it displays that information. This information is sent to a file that acts as a color map which translates colors displayed on that monitor back to the information in the color file. In other words, assess how the device behaves and use informatics to make adjustments. The creation of color mapping files for all devices enables them to talk to one another about the same colors.
In an analogous fashion, instead of trying to change the behaviors of the pathologists, we could simply record their behaviors and create "calibration" files for each. Each pathologist would be asked to evaluate a common set of relevant specimens, which would include a mixture of straightforward and ambiguous cases (Figure 1 ). The goal is not to determine a "correct" answer, it is to learn how each pathologist makes calls relative to the average. Their readings would be recorded and added to a database that includes a digital profile on each pathologist. Software and informatics could then apply these profiles as needed when analyzing and interpreting large studies that compare experimental findings with diagnoses.
As an oversimplified example, suppose that for a particular type of prostate histopathology Pathologist C routinely assigns Gleason scores that are 3 points higher than the average of other pathologists. The system could detect this and provide an alert when Pathologist C makes diagnoses on that particular histopathology on an experimental specimen. In this setting, the system would report both the original diagnosis from Pathologist C and an adjusted diagnosis that compensates relative to the average call with that histological form.
The calibration specimens could be delivered to all contributing pathologists digitally. Improved scanning technologies and digital microscopy have led to excellent concordance in results found between optical and virtual microscopy 27, 28 . Of course, pathologists are not machines; human nature is less predictable and we will need to account for this. Careful consideration will be necessary to select the most appropriate reference specimens and new algorithms will be needed to align the various profiles, but the foundations for this approach exist in other fields and should be adaptable here. Finally, it is worth noting that other areas that involve expert interpretation, such as radiology, might also apply here. On the other hand, endogenous markers have advantage of tracking sample stability throughout the entire sample life span, including critical steps such as cell or tissue lysis, protein extraction and processing. Used as quantitative markers, endogenous housekeeping proteins would not require prior methods to determine comparable levels. Unlike exogenous markers, they could be used in imaging studies, such as immunohistochemical staining of tissue microarrays. Moreover, the use of endogenous proteins would avoid the need to produce and qualify a reagent that would need to be distributed to many laboratories so that they could compare their results to others.
Challenge #4: Standardizing comparisons among clinical samples
There are several types of endogenous markers that we should identify and characterize: 1. Quantitative reference proteins. The most basic of reference standards, these would enable quantitative comparisons between samples both within and between individual labs. The ideal proteins here would be stable housekeeping proteins whose levels remain generally unchanged under various cellular and tissue conditions. In the perfect world, the levels would be consistent across cell types as well, though this may be too difficult to achieve. At minimum, the relative abundances in different cell types should be understood. 2. Sample integrity reference proteins. These markers are primarily useful in experiments that focus on biomolecules sensitive to degradation. They can help determine the degree to which samples have undergone proteolysis or other degradative steps, such as changes in important post translational modifications after blood vessel clamping or during sample processing. Therefore, these proteins (or peptides) must themselves be sensitive to the same types of degradation of concern for the protein(s) of interest. Given the daunting variety of potential degradative steps (e.g., cleavage by proteases with various specificities, dephosphorylation, deacetylation, deglycosylation, oxidation, etc.), a panel of reference standards that addresses some or all of these will be needed. In order to be generally useful and to spare precious sample, the reference proteins should be straightforward to measure by common methods such as antibody detection, immunofluorescence or mass spectrometry.
The challenge, of course, is that no such endogenous standard proteins have been identified. Significant effort will be needed to examine existing data and to perform new experiments to find the best candidates for such standards. Ultimately we should seek consensus about the best standards and then agree to include the appropriate standards in all relevant proteomics reporting. The potential payoff is large. Such standards would not only enable comparisons of individual experiments, but would also provide reference points for metaproteomics studies, unleashing an interpretive power that will revolutionize our field. I suggest that it is time for our community to convene and make plans to search for these reference proteins. Should we consider a competition to find them?
Challenge #5: Rethinking public involvement in biobanks
Social challenges continue to represent a significant concern regarding the use of clinical samples. With the recent explosion of new techniques to examine specimens, some of which could theoretically enable identification of the sample donor, many potential donors have expressed concerns about preserving their privacy 7 . Understandably, this has engendered tensions between sample donors and scientists regarding informed consent and the freedom to use samples for new research directions 25 . In addition, some sample donors want an opportunity to see the results of the studies that are performed on their specimens. Many clinical and translational studies are limited because of lack of diversity in the clinical specimens used for the study 29 . Greater efforts are needed to ensure broad representation of samples from all sources, including marginalized and minority populations. Moreover, like scientists, sample donors have expressed frustration hearing about stalled research for lack of sample access when they know that so many samples have been collected and stored that never get shared. They want to find more effective mechanisms to connect with scientists researching diseases of interest to them. Nevertheless, despite these various concerns about privacy and sample use, the majority of the public supports clinical studies and would be willing to participate in them. Indeed, most would be willing to share their data with researchers and many would be willing to provide access to their past medical records 7 . A better approach is needed. For this last challenge, we should develop structures that treat the collection and use of clinical samples as a partnership between scientists and the public 6 .
Objective #5: Develop new governance models for biobanks
The current practice for collecting clinical specimens does not lend itself to publicresearcher partnerships. Typically, a researcher recognizes the need for samples in her research, writes a grant application and approaches an IRB with a protocol. After eventually obtaining approval for this protocol, she then recruits sample donors (patients and controls), obtains informed consent and begins sample collection (Figure 2 ). There are several potential flaws with this approach. First, it fosters the view of sample donors primarily as sample and information resources rather than partners in the research process. Second, after devoting significant effort both bureaucratically and technically to collect the samples, researchers understandably view the resulting collection as belonging to them. Certainly, in common practice, the researchers who organize the collection have control of who gets access to the samples and how much they get. For these reasons, this arrangement significantly reduces the likelihood that these samples will ever get shared with other investigators. Finally, this model does not lend itself to a developing a mechanism for providing information or feedback to the sample donors regarding the results of the research 30 .
In recent years the development of a strong patient advocate community has enabled a new paradigm to emerge. Instead of a process driven almost entirely by the researcher that only involves sample donors at the end, the new paradigm begins with a partnership between the researcher and committed members of the public (often the patient advocate community) and they build the sample collection together (Figure 2) . Obviously, such partnerships ensure that views of the public get representation in the review process -not only as a representative on the IRB board, but as advocatesfor the research itself. Once they receive the necessary approvals, the public arm of the partnership can help the researcher find the sample donors needed for the study. Because they have worked together, the sample collection belongs to the partnership and includes a process by which others can also obtain access to the samples, avoiding sequestration of the samples. Moreover, the tighter link between the sample collection and the donors who provided them facilitates mechanisms to provide feedback and information about research results to the donors. The partnership also provides a mechanism to request permission in the future from the donor community to use the samples for unanticipated experiments and new methods. In a similar fashion, it can help researchers obtain important clinical follow up information on patients and controls. After all, both sides of the partnership strive for the same goal: discoveries that lead to a reduction of morbidity and mortality from disease.
Perhaps the best argument for the partnership paradigm is that it affords the opportunity to accomplish things that would be notably difficult to achieve otherwise. In 2003, Connie Rufenbarger, a patient advocate and Director of Project Development for The Catherine Peachey Fund, hosted a meeting at the Indiana University Cancer Center where she learned that breast cancer scientists desperately needed healthy breast tissue. Breast tissue collected through biopsies or resections typically comes from women with documented or suspected breast cancer. The occasion to collect such tissue from healthy age-matched women does not arise in clinical medicine. Yet, understanding breast cancer necessitates comparing abnormal tissue to normal tissue, i.e., from women with no hint of abnormality. Were a researcher alone to propose a protocol to collect breast biopsies from healthy women, she could meet significant resistance from the evaluating IRB and find difficulty accruing volunteers. However, by partnering with Dr. Anna Maria Storniolo at Indiana University (IU) they created the Susan G. Komen for the Cure Tissue Bank at the IU Simon Cancer Center. They got the necessary approvals and funding, and mobilized women who are passionate about supporting medical research to stop breast cancer. This tissue bank now has more than 2800 samples of healthy breast tissue.
That these women were willing to assume the risk and consequences of a surgical procedure solely to advance our understanding of disease illustrates the will, courage and commitment of their community towards this cause. They are not alone. Similar motivation can be found in numerous advocate communities for countless diseases. Many are vocally committed to advancing research by improving sample collections. Partnering with them to create biobanks will help educate the public of the importance of biomedical research and enable bold new directions that will increase the success of these programs.
Summary
The five challenges outlined in this editorial address some of the most significant roadblocks limiting the success of biobanks and their roles in proteomics. They include: (1) defining our biobanking needs; (2) increasing the use of and access to SOPs; (3) mapping inter-observer differences for use in normalizing diagnoses; (4) identifying natural internal protein controls; and (5) redefining the clinical sample paradigm by building partnerships with the public. This list of challenges is not comprehensive. Rather, these objectives were chosen because we can act on all of them now; we have the tools we need. I believe that each of these challenges is resolvable in less than 5 years. In some cases, I have suggested solutions, but we should all keep open minds. There are better ideas out there. Whichever approaches we take will require resources and organized efforts. Perhaps we can turn towards our professional organizations like HUPO, ISBER and others to start on these challenges. However we go about solving these problems, the future of proteomics depends on access to high quality clinical samples, collected under standardized conditions, accurately annotated and shared under conditions that promote the research we need to do. We must all step up and contribute to this effort so that it gets done right as we move forward. Top panel. All pathologists enrolled to read study specimens will review the same set of digital images of a reference set, selected to represent a broad range of relevant histopathologies, including ambiguous cases. A reference review profile that indicates how each pathologist scored each reference specimen will then be stored in a database. Bottom panel. When new specimens arrive they are assigned to be read by individual pathologists.
The resulting diagnoses will be evaluated in the context of the pathologist's reference profile and both the original diagnosis and an adjusted diagnosis will be reported. The adjusted diagnosis may help in interpreting diagnoses by highlighting samples where pathologists may disagree. Obviously, a very similar approach could be taken with radiologists and other professionals who render opinions on data to make diagnoses. Top panel. This researcher driven paradigm is predominant today. The researcher plays the central role by walking the process through various steps including obtaining funding, getting IRB approval and arranging to collect the specimens. The roles of the public here are often limited to providing input through lay membership on the IRB and providing specimens. The biobank is then governed by the researcher who drove the process. Bottom panel. A new paradigm for biobanking governance begins with a partnership between the researcher and the public, often the patient advocate community. They seek funding and IRB approval together, with both advocating on behalf of the research. The public arm of the partnership is well suited to help recruit participation. The biobank is then governed by the partnership. In this paradigm the public participates in all aspects of the process. 
High

Moderate to High
Samples collected with best practices and under standardized conditions, well-defined storage conditions, well annotated, well publicized with defined access procedures, sample types may limit application to specific research type (e.g., blood only); may include restrictions on access (e.g., limited to researchers in a specific country).
